The microflora present in the nutrient solution of a closed soilless growing system (CSGS) is important for the suppression of root pathogens. In this experiment, the slow sand filtration (SSF) treatment was used on strawberry (Fragaria × ananassa Duch.) plants grown in CSGS to assess its efficacy for reducing the dispersion of Phytophthora cactorum and Verticillium dahliae propagules. A randomized complete block design with three replicates was performed. Each replicate consisted of a 6 meter hanging cultivation line with 65 strawberry plants (var. Camarosa) per line cultivated with CSGS by SSF independent. Two growth media were used: composted cork thin waste mixed with rice hulls (1:1 v:v) ratio (CCR) and peat substrate (P). P. cactorum and V. dahliae dispersion in CSGS was studied by the detection of propagules in recirculating nutrient solution and in growth media. P. cactorum propagules were measured by a plant baiting technique. V. dahliae propagules were measured by filtration of recirculating nutrient solution. The density of Verticillium dahliae propagules from growth media samples was estimated by the wet-sieving technique and plate counts on semi-selective media. Based on community level physiological profiles, different community structures were evident between growth media evaluated Ecomicroplates (Biolog Inc.; Hayward, Calif.) were used to determine differences in physiological abilities of the microbial communities from different growth media and the similarities between these communities and the pathogen. The number of P. cactorum propagules in the disinfected solution was eliminated by SSF. The number of V. dahliae microsclerotia of growth media recovered by the wet sieving technique was higher in the inoculated than in the non inoculated zone of the line. The similar catabolic potential of CCR microbial communities and Verticillium dahliae, suggests a high competition for C-sources.
INTRODUCTION
Zoosporic fungi such as Pythium spp. and Phytophthora spp., cause major crop losses in soilless crops, because such systems foster the dissemination and spread of water-borne microorganisms (Stanghellini and Rasmussen, 1994) . Chalara elegans, Colletotrichum coccodes, Phomopsis sclerotioides and Verticillium dahliae, are rife in closed growing systems (McPherson et al., 1995) . V. dahliae causes wilt diseases in a range of crop plants in many parts of the world, for example in Britain it has been a problem in strawberry production for many years (Keyworth and Bennett, 1951) .
Several active and passive methods, such as UV treatment (Runia, 1994 b) , heat treatment (Runia et al., 1988) , ozonization (Runia, 1994a) and slow sand filtration (SSF) (Wohanka, 1995) , have been developed. SSF is a combination of mechanical, physicochemical and biological factors (Brand, 2000) , where the microflora are not completely eradicated, but some pathogens are eliminated (Postma et al., 1999) . Therefore, SSF can play an important role in the suppression of diseases caused by microorganisms (Postma et al., 1999; Van Os and Postma, 2000; Van Os et al., 1999) .
Several investigations have shown that Pythium and Phytophthora can be eliminated by SSF (Wohanka, 1995; Wohanka et al., 1999) , with the advantage of low installation and maintenance costs.
In this experiment, the SSF treatment was used on strawberry (Fragaria × ananassa Duch.) plants grown in closed soilless growing systems (CSGS) in order to assess its efficacy for reducing the dispersion of P. cactorum and V. dahliae propagules.
MATERIAL AND METHODS

Assessment of Disease Severity
P. cactorum and V. dahliae dispersion in CSGS was studied by detection of propagules in recirculating nutrient solution. P. cactorum propagules were measured every 7 days by a plant baiting technique and plate counts on semi-selective media (PARP-V8). Bait material used was carnation petals (Ponchet et al., 1972) .
V. dahliae propagules were measured every 15 days by filtration of recirculating nutrient solution . One sample was taken from drain and disinfected water of CSGS, respectively, and was analyzed from one of the three replicates. The filtration was carried out by cellulose membrane filters (2.5 µ pore diametre) and semi-selective media. Verticillium Selective Medium (VSM) from a soil extract agar was used. The density of V. dahliae propagules from growth media samples was estimated at the end of the bioassay by the wet-sieving technique (Ashworth et al., 1972) and plate counts on semi-selective media. The medium used was modified soil extract agar (MSEA). Six samples were taken from each meter line cultivated in CSGS, and analyzed for each growth medium from the three replicates
Biological Characteristics of Growth Media (Community Level Physiological Profiles)
The determinations were performed in incubated growth media at the beginning of the bioassays. Eco-microplates (Biolog Inc., Hayward, CA) were used to determine differences in physiological abilities of the microbial communities from different plant growth media and the similarities between these communities and the pathogen. The microplates contained 96 wells with 31 carbon sources plus control, with three replicates each, as has been proposed for community characterization in environmental samples (Insam, 1997) . The growth media extraction method was performed according to Insam et al., (1996) . Population cell density was determined by AODC to standardize the inoculum density. The density of V. dahliae conidia and P. cactorum zoospores in suspension was determined by hemocytometer. Five eco-microplates were inoculated for plant growth medium suspensions, three for V. dahliae conidial suspension and five for zoospore suspension. The microplates were incubated in darkness at 25ºC for 5 days. Color formation was measured with a microplate reader (Labsystem Multiskan MS, Helsinki, Finland) at 590 nm and readings were made at 12-h intervals.
For the analysis, the average absorbance of the control wells in each plate was subtracted from that of wells containing the same C-source. Negative values were considered as zero. For the component analysis (PCA) of Biolog data, a Riemann's sum for each Csource was calculated from all readings taken during the 5 days of incubation. The transformed data were subjected to principal component analysis (PCA) (Glimm et al., 1997) .
Experimental Design and Statical Analysis
The experiment was carried out in a metacrilate type tunnel greenhouse in Huelva, Spain with a randomized block design with three replicates. Each replicate consisted of a 6 m hanging cultivation line with 65 strawberry plants per line grown in 60 L of growth media along 6 m. The plants were maintained on the hanging cultivation line with a drip irrigation system (one water emitter for each plant, flow rate of 2.3 L.h -1 in a soilless culture). The SSF system was constructed as described by Wohanka (1995) . The drain water was pumped into the sand filter to maintain a water layer of 35 cm. The effluent flow rate from the filter was adjusted by a flow-meter located between the filter and the disinfected water storage tank, obtaining a final flow rate of from 0.1 to 0.3 m.h -1 . The growth media used consisted of composted cork thin waste mixed with rice hulls (1:1 v:v) ratio (CCR) and peat substrate (P) and a CSGS with disinfection by SSF. Separate bioassays for phytopathogens were performed.
The last twelve plant roots of the line were inoculated by immersion in an inoculum suspension (3·10 6 conidia·ml -1 ) for V. dahliae and (3·10 5 zoospores·ml -1 ) for P. cactorum.
The P. cactorum and V. dahliae strains were previously isolated from a naturally infected strawberry plant grown in soil. Data collected from the trial were analyzed with Statgraphics Plus (version 6; Statistical Graphics Corp., Rockville, MD). Density of P. cactorum and V. dahliae propagules in recirculating nutrient solution, the density of V. dahliae microsclerotia from the growth media and the biological characteristics of growth media were analyzed with an analysis of variance. Significant means were compared by Tukey`s whole significant difference test (P=0.05).
RESULTS AND DISCUSSION
During the trial, evaluation of V. dahliae in the recirculating nutrient solution carried out every 15 days, revealed no significant differences between different types of nutrient solutions (drain solution and disinfected solution) ( Table 1 ). The fungus V. dahliae was not eliminated by SSF. Significant differences in the P. cactorum propagules density in the drained and disinfected solutions were detected. The results confirmed that SSF is an effective method for disinfecting the recirculation nutrient solution in CSGS. Several investigations with Pythium spp. and Phytophthora spp. have shown that these fungi can be eliminated by this technique (Wohanka, 1995; Wohanka et al., 1999; Van Os et al., 1999; Runia et al., 1997) . Other researchers have already demonstrated that the microflora present in the nutrient solution of soilless systems are important for the suppression of root pathogens (Postma et al., 1999 (Postma et al., , 2000 . Therefore, to keep the inhabiting microflora alive and active, it is important to adopt a passive disinfection method of the nutrient solution in CSGS, such as the SSF, that does not eliminate all the microorganisms. Phytophthora and Pythium can be eliminated completely by this method, but Fusarium oxysporum, Tomato mosaic virus, nematodes and bacteria only partly (90-99.0%) (Wohanka, 1995; Wohanka et al., 1999; Van Os et al., 1997 and 1998; Runia et al., 1997; Deniel et al., 1999) .
V. dahliae microsclerotia of growth media was detected in non inoculated plants zone. The number of V. dahliae microsclerotia of growth media was significantly higher in inoculated than in non inoculated plants (Table 2 ). Medium CCR was not different to P for inoculum density of V. dahliae between inoculated and non inoculated plant (Table 3 ). The concentration range of V. dahliae in soil which is epidemiologically significant in wilt disease is known for cotton (Ashworth et al., 1972; DeVay et al., 1974) , eggplant (Evans and McKeen, 1975) , potato (Nnodu and Harrison, 1979) and tomato (Grogan et al., 1979) but only preliminary information is available for strawberries (Harris and Yang, 1990) .
The results of the PCA performed for community level physiological profiles (CLPPs) on the whole community Biolog pattern from growing media, P. cactorum and V. dahliae are depicted graphically (Fig. 1) . Based on the scatter in the coordinate score, there was a clear separation between growth media and fungi samples along the PC1 axis (P<0.05), accounting for 84.45 % of the variance in the data. There was also a clear separation between P. cactorum and the growth media and V. dahliae along the PC2 axis (P<0.05). The PC2 explained 16.3 % of the variance in the data. The shortened distances represented in the plot (Fig.1) between V. dahliae and CCR means that the CCR microbial community had the catabolic potential most qualitatively similar to V. dahliae. The similar catabolic potential of CCR microbial communities and V. dahliae suggests a high competition for C-sources. Borrero et al., 2002 have shown the ability of composted cork used as a substrate to suppress V. dahliae of tomato.
The results of the PCA performed for community level physiological profiles (CLPPs) on the whole community Biolog pattern from, P. cactorum and V. dahliae are depicted graphically (Fig. 2) based on the scatter in the coordinate score, there was a clear separation between fungi samples along the PC1 axis (P<0.05), accounting for 99.64 % of the variance in the data. There was no clear separation between fungi samples along the PC2 axis (P<0.05).
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